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(57) ABSTRACT

A voice recognition method includes: detecting a vocal sec-
tion including a vocal sound in a voice, based on a feature
value of an audio signal representing the voice; identifying a
word expressed by the vocal sound in the vocal section, by
matching the feature value of the audio signal of the vocal
section and an acoustic model of each of a plurality of words;
and selecting, with a processor, the word expressed by the
vocal sound in a word section based on a comparison result
between a signal characteristic of the word section and a
signal characteristic of the vocal section.
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1
VOICE RECOGNITION METHOD AND
VOICE RECOGNITION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
102942 filed on Apr. 27, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a voice
recognition technique.

BACKGROUND

In voice recognition techniques in which a vocal section to
be a target of voice recognition is detected from a vocal sound
of'a person to be recognized, and a word uttered in the vocal
section is recognized, some of the techniques for suppressing
influence of noise have been known.

For example, as a first technique, a technique has been
known in which a threshold value of voice power to be used
for determination of a vocal section is adaptively changed so
that noise is not mistakenly detected as a vocal section in
order that only a vocal sound of a person to be recognized is
detected as a vocal section.

Also, for example, as a second technique, a technique has
been known in which word matching is performed using
normalized power of a vocal sound of a person to be recog-
nized so that misrecognition caused by noise is suppressed.

Also, for example, as a third technique, a technique has
been known in which word matching is performed using a
ratio of vowel to consonant in a vocal section so that that
misrecognition caused by noise is suppressed.

Also, a technique enabling to exclude influence of non-
stationary noise on estimation has been known in which a
noise level in an audio signal is estimated based on power
information related to a partial distribution taken out from the
power distribution of the signal in accordance with a maxi-
mum frequency power in a power distribution of the signal.

Also, a technique enabling to detect an optimum voice
section has been known in which a plurality of sets of thresh-
old values at the time when a parameter used for detecting a
vocal section is obtained from an input signal are provided,
and an optimum set of threshold values is selected in accor-
dance with a signal-to-noise ratio of the input signal.

SUMMARY

According to an aspect of the invention, a voice recognition
method includes: detecting a vocal section including a vocal
sound in a voice, based on a feature value of an audio signal
representing the voice; identifying a word expressed by the
vocal sound in the vocal section, by matching the feature
value of the audio signal of the vocal section and an acoustic
model of each of a plurality of words; and selecting, with a
processor, the word expressed by the vocal sound in a word
section based on a comparison result between a signal char-
acteristic of the word section and a signal characteristic of the
vocal section.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.
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It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a functional configuration diagram of a voice
recognition apparatus according to an embodiment;

FIG. 2 is a hardware configuration diagram of a computer;

FIG. 3 is a flowchart illustrating a control processing pro-
cedure performed by the voice recognition apparatus in FIG.
1

FIG. 4 is a functional configuration diagram of a voice
recognition apparatus according to another embodiment;

FIGS. 5A and 5B are explanatory diagrams of word selec-
tion based on a matching score;

FIG. 6 is a flowchart illustrating a control processing pro-
cedure performed by the voice recognition apparatus in FIG.
4;

FIG. 7 is a functional configuration diagram of a voice
recognition apparatus according to still another embodiment;

FIGS. 8A and 8B are an explanatory diagrams of effects
taken by the voice recognition apparatus in FIG. 7;

FIG. 9 is a flowchart illustrating a control processing pro-
cedure performed by the voice recognition apparatus in FIG.
7,

FIG. 10 is an example of a syllable threshold value table;

FIG. 11 is an example of a word dictionary; and

FIG. 12 is an example of a phoneme threshold value table.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be described based on the
drawings.

While inventing the embodiments, observations were
made regarding a related art. Such observations include the
following, for example.

In a voice recognition technique of the related art, when a
vocal sound of a person to be recognized is obtained by a
microphone in order to perform voice recognition, a vocal
sound of another person in the surroundings is sometimes
mixed in the obtained vocal sound, and the mixed vocal sound
sometimes causes misrecognition of a word.

Hence, when a vocal section is detected using a threshold
value of voice power in the same manner as in the first tech-
nique described above, there is a condition to be met that a
minimum value of vocal sound power of a person to be
recognized is larger than a maximum value of vocal sound
power of another person all the time. If this condition is not
met, a vocal sound of another person may be mixed into a
vocal section, or a vocal sound of a person to be recognized
may be excluded from a vocal section. Also, when misrecog-
nition caused by a vocal sound of another person is tried to be
suppressed using the second and the third techniques
described above, if a vocal sound of another person is mixed
with a certain high voice power, a feature value becomes
similar because a vocal sound of the other person is a human
voice. As a result, misrecognition may occur. Namely, by
these techniques, it is difficult to suppress misrecognition
unless voice power of a vocal sound of a person to be recog-
nized is substantially larger than voice power of vocal sounds
of the other persons.

In the embodiments, FIG. 1 is a functional configuration
diagram of a voice recognition apparatus according to an
embodiment. A voice recognition apparatus 10 in FIG. 1
includes an input unit 11, a detection unit 12, a first calcula-
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tion unit 13, a matching unit 14, a word dictionary 15, an
acoustic model 16, a second calculation unit 17, a selection
unit 18, and an output unit 19.

The input unit 11 receives an audio signal representing
sound, and calculates a feature value of the sound from the
audio signal. In this regard, in the present embodiment, the
input unit 11 is assumed to calculate power of the voice from
the audio signal as the feature value. In this regard, the audio
signal to be inputted into the input unit 11 may be, for
example, digital data that is converted from an analog signal
outputted from a microphone collecting sound, which is not
illustrated in the figure. Also, a data file of an audio signal
stored in a storage device not illustrated in the figure may be
input.

The detection unit 12 detects a vocal section including
vocal sound in the sound represented by the audio signal
using the feature value of the audio signal calculated by the
inputunit 11. In the present embodiment, the detection unit 12
obtains an average value of the voice power calculated by the
input unit 11, and detects a vocal section using the average
value. More specifically, the detection unit 12 detects time
when voice power becomes larger than the average value by
a given threshold value a or more to be a start point of the
vocal section. Also, detection unit 12 detects a case where
voice power that is not greater than the average value by a
given threshold value 3 continues for a given time period (for
example, one second) after the detection of the start point of
the vocal section, and determines the beginning of the period
to be an end point of the vocal section.

The first calculation unit 13 calculates a signal-to-noise
ratio (SNR) of the vocal section detected by the detection unit
12. It is possible to use various methods for a method of
calculating the SNR. In the present embodiment, the first
calculation unit 13 calculates the SNR using either of the
methods, (A) or (B), described below.

(A) The first calculation unit 13 first obtains a minimum
value of voice power of the input audio signal or a minimum
value of voice power of the audio signal in a vocal section as
a value of noise N, and obtains a maximum value of voice
power of the audio signal in the vocal section as a value of a
signal S. Here, the first calculation unit 13 calculates an SNR
value using the following expression (1), and determines the
calculated value as a calculation result of an SNR of the vocal
section detected by the detection unit 12.

SNR [dB]=10 log,4(S/N) (6]

(B) The first calculation unit 13 calculates an SNR of the
audio signal in a given section including the vocal section
detected by the detection unit 12. Namely, the first calculation
unit 13 first sets a calculation target section to a section
produced by adding the vocal section detected by the detec-
tion unit 12 and a section of a given period (for example, five
minutes) before and after the vocal section. In this regard, in
the setting of a calculation target section, the detectionunit 12
may set calculation target section to a section produced by
adding the vocal section detected by the detection unit 12 and
only a section of a section of a given period (for example, five
minutes) before the vocal section. When the calculation target
section is set in this manner, it is preferable for the case of
using the voice recognition apparatus 10 for immediately
presenting a recognition result to a speaker. Next, the first
calculation unit 13 obtains an average value and a standard
deviation of the voice power of the audio signal in the calcu-
lation target section. Here, the first calculation unit 13 calcu-
lates the average value of the values smaller than a value
produced by subtracting the standard deviation of the voice
power from the average value of the voice power among voice
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power of the audio signal in the calculation target section, and
determines the calculated average value to be a value of the
noise N. Also, the first calculation unit 13 calculates an aver-
age value of the values larger than a value produced by adding
the standard deviation of the voice power to the average value
of'the voice power among voice power of the audio signal in
the calculation target section, and determines the calculated
average value to be a value of the signal S. And the first
calculation unit 13 calculates a value of the SNR using the
expression (1), and determines the calculated value as a cal-
culation result of the SNR of the vocal section detected by the
detection unit 12.

The matching unit 14 matches the feature value of the
audio signal of the vocal section detected by the detection unit
12 with an acoustic model for each of a plurality of words so
as to identify a word expressed by the vocal sound of the
detected vocal section. In the present embodiment, the match-
ing unit 14 generates a word model from the word dictionary
15 and the acoustic model 16, and obtains a matching score
indicating height of similarity between the feature value of
the audio signal of the vocal section and the generated word
model in order to identify a word having the matching score
of a given threshold value or more. Here, the word model is
generated, for example, by concatenating a syllable string,
which is a reading of a word stored in the word dictionary 15,
and an acoustic model 16 (for example, an HMM (Hidden
Markov Model)) for each syllable and for each phoneme,
which is corresponding to a phoneme string. Also, for a fea-
ture value of an audio signal, for example, MFCC (Mel Fre-
quency Cepstral Coefficient) or a power difference is used.
After that, the matching unit 14 matches the word model with
the feature value of the audio signal, and calculates probabil-
ity of matching of the both as a matching score. And the
matching unit 14 identifies a word or a word string having a
highest calculated probability value. In this regard, the match-
ing unit 14 may identify a plurality of words or word strings
having the calculated probability value satisfying a certain
criterion, for example, a criterion in which a probability value
for each one frame is a given probability value or more.

The second calculationunit 17 calculates an SNR ofa word
section expressing a vocal sound of the word identified by the
matching unit 14 in the vocal section detected by the detection
unit 12. It is possible to use various methods for a method of
calculating the SNR in the same manner as the first calcula-
tion unit 13. In the present embodiment, the second calcula-
tion unit 17 calculates the SNR using either of the methods,
(C) or (D), described below in accordance with the method
used by the first calculation unit 13.

(C) In the case where the first calculation unit 13 uses the
method (A) described above, the second calculation unit 17
uses the same value as the value of the noise N used by the first
calculation unit 13 as a noise N, and obtains a maximum value
of voice power of the audio signal in the word section as a
value of the signal S. And the second calculation unit 17
calculates a value of the SNR using the expression (1)
described above, and determines the calculated value as a
calculation result of the SNR of the word section.

(D) In the case where the first calculation unit 13 uses the
method (B), the second calculation unit 17 uses the same
value as the value of the noise N used by the first calculation
unit 13 as a noise N. Also, the second calculation unit 17
calculates an average value of the values greater than a value
produced by adding a standard deviation of the voice power to
the average value of the voice power of the audio signal in a
calculation target section among the voice power of the audio
signal in the word section, and determines the calculated
average value to be the signal S. And the second calculation
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unit 17 calculates a value of the SNR using the expression (1)
described above, and determines the calculated value as a
calculation result of the SNR of the word section.

The selection unit 18 selects a word expressed by the vocal
sound of the word section based on the comparison result
between the SNR of the word section and the SNR of the
vocal section detected by the detection unit 12. In the present
embodiment, the selection unit 18 selects a word expressed
by the word section having a greater SNR than the SNR of the
vocal section by a given lower limit threshold value or more,
for example, the selection unit 18 selects a word expressed by
the vocal sound of the word section having an SNR higher
than the SNR of the vocal section decreased by 12 [dB].

The output unit 19 outputs the word selected by the selec-
tion unit 18. The word that is outputted by the output unit 19
is a result of voice recognition of the audio signal inputted
into the input unit 11. In this regard, the output unit 19 may
output the word by displaying, for example, a character string
to be aword notation on a display device. Also, the output unit
19 may output the word in a data file format of that word.
Also, if the word is not selected by the selection unit 18, the
output unit 19 may output nothing, and may also output a
notification that a result of the voice recognition has failed to
be obtained.

The voice recognition apparatus 10 in FIG. 1 includes the
above-described configuration. With this configuration, an
SNR is calculated on the word section expressing the vocal
sound of the word identified by the matching unit 14, and the
calculated SNR is compared with the SNR of the vocal sec-
tion. And the word is selected based on the comparison result.
Accordingly, even if the audio signal of the vocal section
detected on the assumption that a vocal sound of a person to
be recognized includes vocal sound of another person, it is
possible to suitably provide a result of voice recognition
targeted only for vocal sound of the person to be recognized.

In an input audio signal, when voice power of the vocal
sound of a person to be recognized is changing, for example,
in a range from 3 [dB] to 12 [dB], it is highly possible that
voice power of the word section of a person to be recognized
has a magnitude close to the upper limit, 12 [dB]. On the other
hand, voice power of another person in the audio signal is
relatively low compared with that of the person to be recog-
nized, which ranges, for example, from 0 [dB] to 6 [dB].
Accordingly, particularly in a word section, the possibility
that voice power of another person includes higher power
than that of the person to be recognized is very low. This is
because the other person stays farther away from a micro-
phone than the person to be recognized, or the other person is
not producing sound toward the microphone. Namely, when
vocal sound of the other person is collected by a microphone
together with vocal sound of the person to be recognized, the
voice power of the vocal sound of the other person is more
attenuated than that of the person to be recognized. Accord-
ingly, the voice recognition apparatus 10 in FIG. 1 selects a
word as described above so as to suppress an error of output-
ting a result of the voice recognition of the vocal sound of the
other person as aresult of voice recognition of the personto be
recognized.

In this regard, the selection unit 18 may select a word
expressed by the vocal sound of the word section having an
SNR which is not lower than a lower limit threshold value and
not higher than an upper limit threshold value with respect to
the SNR of the vocal section. Namely, for example, the selec-
tion unit 18 may select a word expressed by the vocal sound
of the word section having an SNR in a range from -12 [dB]
to +12 [dB] with respect to the SNR of the vocal section. In
this manner, if an upper limit is added to the condition for the
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SNR of the vocal sound of the word section to be the word
selection criterion, it is possible to exclude, from a selection
target, a result of the voice recognition based on a loud noise,
which is originally unable to be a word recognition target, for
example, sound of coughing or sneezing, or sound of door
shut, etc. Accordingly, it is possible to suppress an error of
outputting a result of the voice recognition of such noise as a
result of the voice recognition of the person to be recognized.
In this regard, this method is more effective, for example, in
the case where the first calculation unit 13 and the second
calculation unit 17 use the above-described methods (B) and
(D), respectively than in the case of using the above-described
methods (A) and (C), respectively.

Inthe present embodiment, the voice recognition apparatus
10 in FIG. 1, which has the above-described functional con-
figuration, is achieved using a computer.

FIG. 2 is a hardware configuration diagram of a computer.

The computer 20 in FIG. 2 includes an MPU 21,2 ROM 22,
a RAM 23, a hard disk unit 24, an input device 25, a display
device 26, an interface unit 27, and a recording medium drive
unit 28. In this regard, these individual components are con-
nected through a bus line 29, and are capable of sending and
receiving various kinds of data under the control of the MPU
21.

The MPU (Micro Processing Unit) 21 is an arithmetic
processing unit controlling operation of the entire computer
20.

The ROM (Read Only Memory) 22 is a read-only semi-
conductor memory in which a given basic control program is
recorded in advance. The MPU 21 reads and executes this
basic control program at the time of starting the voice recog-
nition apparatus 10, thereby making it possible to control
operation of individual components of the computer 20. In
this regard, a memory in which storage data is nonvolatile,
such as a flash memory, etc., may be used as the ROM 22.

The RAM (Random Access Memory) 23 is a semiconduc-
tor memory capable of being written and read at any time, and
is used by the MPU 21 as a working storage area as appro-
priate when the MPU 21 executes various control programs.

The hard disk unit 24 is a storage device for storing various
control programs executed by the MPU 21 and various kinds
of data. The MPU 21 reads and executes a given control
program stored in the hard disk unit 24 so as to become
possible to perform various control processing.

The input device 25 is, for example, akeyboard or a mouse.
For example, when operated by a user of the computer 20, the
input device 25 obtains input of various kinds of information
from the user, which is associated with the operation contents,
and sends the obtained input information to the MPU 21.

The display device 26 is, for example, a liquid crystal
display, and displays various texts and images in accordance
with output data sent from the MPU 21.

The interface unit 27 manages transfer of various kinds of
data with an external device.

The recording medium drive unit 28 is a device that reads
various control programs and data recorded in a portable
recording medium 30. It is also possible for the MPU 21 to
read a given control program recorded on the portable record-
ing medium 30 through the recording medium drive unit 28,
and executes the control program to perform various kinds of
control processing. In this regard, as the portable recording
medium 30, for example, a CD-ROM (Compact Disc Read
Only Memory), a DVD-ROM (Digital Versatile Disc Read
Only Memory), a flash memory provided with a USB (Uni-
versal Serial Bus) standard connector, etc., are given.

In this manner, the computer 20 has a standard hardware
configuration. In order to configure the voice recognition
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apparatus 10 using the computer 20, for example, a control
program causing the MPU 21 to perform the below-described
control processing performed by the voice recognition appa-
ratus 10 is created, and the control program is stored in
advance, for example, in the hard disk unit 24 or on the
portable recording medium 30. And a given instruction is
given to the MPU 21 to read this control program to be
executed. In this regard, the word dictionary 15 and the acous-
tic model 16 are stored in advance, for example, in the hard
disk unit 24. Alternatively, the word dictionary and the acous-
tic model 16 may be stored in an external storage device
connected through the interface unit 27. In this manner, it
becomes possible to function each of the components in FI1G.
2 as a corresponding functional block included in the voice
recognition apparatus 10 in FIG. 1.

In this regard, as input of the audio signal, for example, an
analog signal, which is produced by collecting the vocal
sound and outputted from a microphone not illustrated in the
figure, is inputted into the interface unit 27, and is converted
into digital data by the interface unit 27 to be used. Also, for
example, audio signal data stored in a storage device not
illustrated in the figure may be obtained through the interface
unit 27, and may be inputted to be used as input of the audio
signal.

FIG. 3 is a flowchart illustrating a control processing pro-
cedure performed by the voice recognition apparatus 10 in
FIG. 1.

When the processing in FIG. 3 is started, first, in S101, the
input unit 11 receives an audio signal expressing sound, and
performs calculation processing of a feature value of the
sound from the audio signal.

In S102, the detection unit 12 performs processing as
described above for detecting, from the audio signal, a vocal
section including vocal sound expressed by the audio signal
using the feature value of the audio signal calculated in the
processing and S101.

In S103, the first calculation unit 13 performs processing
for calculating an SNR of the vocal section detected by the
processing in S102 using either of the above-described meth-
ods, (A) or (C).

In S104, as described above, the matching unit 14 performs
processing for identifying one word expressed by the vocal
sound of the vocal section detected by the matching of the
feature value of the audio signal of the vocal section detected
by the processing in S102 and an acoustic model of each of
the plurality of words. As described above, the matching unit
14 performs the processing in S104 using the word dictionary
15 and the acoustic model 16.

In S105, the matching unit 14 performs processing for
determining whether the processing in S104 was able to iden-
tify a word expressed by the vocal sound of the vocal section
detected by the processing in S102. If the matching unit 14
determines to have been allowed to identify a word here (Yes
in the determination result), the processing proceeds to S106,
whereas if the matching unit 14 determines not to have been
allowed to identity (No in the determination result), the pro-
cessing proceeds to S109.

In S106, the second calculation unit 17 performs process-
ing for calculating an SNR of the word section expressing the
vocal sound of the word identified by the processing in S104
in the vocal section detected by the processing in S102 in the
same manner as described above. In this regard, in the pro-
cessing in S106, the second calculation unit 17 calculates the
SNR using either of the methods, (C) or (D), described above
in accordance with the method used by the first calculation
unit 13.
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In S107, the selection unit 18 performs processing for
determining whether the SNR of the word section calculated
by the processing in S106 matches a given condition. Namely,
the selection unit 18 performs processing, for example, for
determining whether the SNR of the word section is higher
than the SNR of'the vocal section calculated by the processing
in S103 by a given lower limit threshold value or more, for
example, whether the SNR of the word section is higher than
the SNR of the vocal section decreased by 12 [dB].

In this regard, in the processing in S107, as described
above, the selection unit 18 may perform processing for deter-
mining whether the SNR of the word section is higher than the
SNR of the vocal section by a given lower limit threshold
value or more and not higher than a given upper limit thresh-
old value. Namely, for example, when the first calculation
unit 13 and the second calculation unit 17 use the methods (B)
and (D), respectively, the selection unit 18 may perform pro-
cessing for determining whether the SNR of the word section
is in a range between J times and K times the SNR of the vocal
section. In this regard, in this case, a value of the fixed number
Jis 0.8, for example, and a value of the fixed number K is 1.2,
for example.

In S108, the selection unit 18 performs processing for
determining whether the SNR of the word section calculated
by the processing in S106 matches a given condition as a
result of the determination by the processing in S107. Here, if
the selection unit 18 has determined that the SNR of the word
section matches the given condition (if the determination
result is Yes), the selection unit 18 determines the word iden-
tified in the processing in S104 to be a selection result, and
after that the processing proceeds to S109. On the other hand,
here if the selection unit 18 has determined that the SNR of
the word section does not match the given condition (if the
determination result is No), the processing returns to S104,
and the selection unit 18 causes the matching unit 14 to
perform processing for identifying another word.

In S109, the output unit 19 performs processing for out-
putting the processing result in FIG. 3, and after that, the
processing in FIG. 3 is terminated. If the processing in S109
is performed next to the processing in S108, the output unit 19
outputs the word selected by the selection unit 18 in the
processing in S108 as described above. Also, ifthe processing
in S109 is performed next to the processing in S105, the
output unit 19 outputs a notification that a result of the voice
recognition has not been obtained, or outputs nothing.

The voice recognition apparatus 10 in FIG. 1 performs the
above control processing so as to suitably provide a result of
the voice recognition targeted only for vocal sound of a per-
son to be recognized even if vocal sound of another person is
included.

In this regard, in the control processing in FIG. 3, a word is
identified for each one word by the processing in S104, and
then the word is processed from S105 to S108. In place of this,
a plurality of words may be identified in the processing in
S104, and then the plurality of words may be individually
processed in parallel in the processing from S105 to S108.

FIG. 4 is a functional configuration diagram of a voice
recognition apparatus according to another embodiment.

In the configuration of the voice recognition apparatus 10
illustrated in FIG. 4, a same reference sign is given to a same
functional block as that illustrated in FIG. 1. In the following
description, it is assumed that functional blocks that are not
described in particular provide the same functions as those
illustrated in FIG. 1.

The voice recognition apparatus 10 in FIG. 4 further
includes a change unit 31 in addition to the same individual
functional blocks as those in FIG. 1. The change unit 31
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changes the matching score obtained by the matching unit 14
on the word expressed by the vocal sound of the word section
based on a comparison result between the SNR of the word
section calculated by the second calculation unit 17 and the
SNR of the vocal section calculated by the first calculation
unit 13.

In this regard, in the configuration in FIG. 4, which
includes the change unit 31, the selection unit 18 selects a
word expressed by the vocal sound of the word section based
on the matching score of the word.

Here, a description will be given of the changing of the
matching score by the change unit 31 and the selection of a
word by the selection unit 18 based on the matching score
using FIGS. 5A and 5B.

Graphs illustrated in FIGS. 5A and 5B, indicate a general
tendency of a relationship between the matching score
obtained for the word when the matching unit 14 identified a
word of the vocal sound of the vocal section, and a rate of the
SNR of the word section to that of the vocal section.

In general, if it is not possible to obtain voice power of
vocal sound sufficiently, the similarity between a feature
value of vocal sound in a vocal section and an acoustic model
of' a word becomes low. Also, it has been already described
that vocal sound of a person other than a person to be recog-
nized in a vocal section has generally smaller voice power
than that of the vocal sound of the person to be recognized.
Accordingly, in general, there is a tendency that a matching
score obtained at the time when the matching unit 14 has
identified a word of the vocal sound of a person other than a
person to be recognized is smaller than the matching score
obtained for the vocal sound of a person to be recognized. The
graphs in FIGS. 5A and 5B indicate this tendency, and in the
case of the same matching score, and it is understood that the
rate of the vocal sound of a person other than a person to be
recognized to the vocal sound of the person to be recognized
becomes larger as the matching score becomes low.

The graph in FIG. 5A indicates the case where the selection
unit 18 selects a word by a comparison between the SNR rate
and a given detection threshold value regardless of the match-
ing score. In this regard, the example of the graph in FIG. 5A
indicates the case where the detection threshold value is set to
“0.6”, which is assumed to optimum when the matching score
is “80”. However, by this setting, in the case where the match-
ing score is “70”, the possibility that the selection unit 18
mistakenly selects the word of the vocal sound of a person
other than a person to be recognized, identified by the match-
ing unit 14, becomes high. Also, in the case where the match-
ing score is “90”, the possibility that the selection unit 18
mistakenly excludes the word ofthe vocal sound of the person
to be recognized, identified by the matching unit 14, becomes
high.

Thus, the change unit 31 in the voice recognition apparatus
10 in FIG. 4 changes the matching score of the vocal sound of
the word section, obtained by the matching unit 14, based on
the comparison result between the SNR of the word section
and the SNR of the vocal section. More specifically, if the rate
of the SNR of the word section and the SNR of the vocal
section is less than a given threshold value, the change unit 31
impose a penalty by subtracting points from the matching
score of the word expressed by the vocal sound of the word
section, obtained by the matching unit 14. And the selection
unit 18 selects a word expressed by the vocal sound of the
word section based on the matching score of the word.

The graph in FIG. 5B indicates the case where when the
rate of the SNR of the word section to the SNR of the vocal
section is less than 0.7, the change unit 31 subtracts a value of
10 from the matching score for each decrease of 0.1 from the
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rate as a penalty. Accordingly, a penalty 10 is imposed on the
matching score for a word having the SNR rate from 0.6 to
0.7, and a penalty 20 is imposed on the matching score for a
word having the SNR rate from 0.5 to 0.6.

In this regard, in the example of graph in FIG. 5B, it is
assumed that the selection unit 18 selects a word having a
matching score of 70 or more as a word expressed by the vocal
sound of a word section. Then, if the matching score is “80”,
a word having the SNR rate of “0.6” or more is selected. The
word selected in this case is the same as in the case of the
graph in FIG. 5A. On the other hand, in the example of the
graph in FIG. 5B, in the case where the matching score is
“70”, aword having the SNR rate of “0.7” or more is selected,
and in the case where the matching score is “90”, a word
having the SNR rate of“0.5” or more is selected. Accordingly,
by selecting a word as the graph in FIG. 5B, it becomes
possible to more suitably select a word than in the case of the
graph in FIG. 5B.

Inthe present embodiment, the voice recognition apparatus
10 in FIG. 4, which has the above-described functional con-
figuration, is achieved using the computer 20 including the
hardware configuration illustrated in FIG. 2. For this purpose,
for example, a control program for causing the MPU 21 to
perform the below-described control processing performed
on the voice recognition apparatus 10 is stored, for example,
in a hard disk unit 24 or a portable recording medium 30 in
advance. And the MPU 21 receives a given instruction to read
and execute this control program. In this regard, the word
dictionary 15 and the acoustic model 16 are stored, for
example, in the hard disk unit 24 in advance. Alternatively, the
word dictionary 15 and the acoustic model 16 may be stored
in an external storage device connected through the interface
unit 27. In this manner, it becomes possible for each of the
components in FIG. 2 to function as a corresponding func-
tional block included in the voice recognition apparatus 10 in
FIG. 4.

FIG. 6 is a flowchart illustrating a control processing pro-
cedure performed by the voice recognition apparatus 10 in
FIG. 4.

First, the processing from S101 to S103 in FIG. 6 has the
same processing contents as those in the flowchart illustrated
in FIG. 3, and thus the description thereof is omitted here.

In S201, which follows S103, the same matching process-
ing as that of S104 in FIG. 3 is performed by the matching unit
14. Note that in S201, the matching unit 14 identifies a word,
and performs processing for outputting a matching score
calculated for identifying the word in association with the
identified word.

The processing from S105 to S107, which follows S201,
has the same processing contents as those in the flowchart
illustrated in FIG. 3, and thus the description thereof is omit-
ted here.

In S202, which follows S107, if the SNR of the word
section calculated in S106 does not meet the given condition
in the determination processing in S107, the change unit 31
performs processing by subtracting points from the matching
score of the word identified by the processing in S201 to
impose a penalty. In the present embodiment, the subtraction
of points at this time is uniform. However, as the example of
the graph in FIG. 5, subtraction points may be determined to
be large in accordance with a degree of difference from the
given condition on the SNR of the word section.

In this regard, if the matching unit 14 calculates, as a
matching score, for example, a distance between a model of
this word and a feature value of the audio signal, the matching
score indicates higher similarity between the two as the
matching score becomes smaller. Accordingly, in this case, in



US 9,196,247 B2

11

order to impose a penalty on the matching score of the word
identified in the processing in S201, the change unit 31 per-
forms processing for adding points to the matching score.

In S203, the output unit 19 performs processing for out-
putting the processing resultin FIG. 6. After that, the process-
ing in FIG. 6 is terminated. If the processing in S203 is
performed next to the processing in S202, the output unit 19
outputs the word identified by the processing in S201. In this
regard, the output unit 19 may output a matching score of the
word together with the output of the word. Also, when the
output unit 19 outputs a plurality of words, the output unit 19
may rearrange the individual words in order of the matching
score to output the individual words. Further, the output unit
19 may output only a given number of words having high
matching scores. In this regard, if the processing in S203 is
performed next to the processing in S105, in the same manner
as the processing in S109 in FIG. 3, the output unit 19 outputs
a notification that a result of the voice recognition has not
been obtained, or outputs nothing.

The voice recognition apparatus 10 in FIG. 4 performs the
above control processing so as to suitably provide a result of
the voice recognition targeted only for vocal sound of a per-
son to be recognized even if vocal sound of the other person
is included.

FIG. 7 is a functional configuration diagram of a voice
recognition apparatus according to still another embodiment.

In the configuration of the voice recognition apparatus 10
illustrated in FIG. 7, a same reference sign is given to a same
functional block as that illustrated in FIG. 1. In the following
description, it is assumed that functional blocks that are not
described in particular provide the same functions as those
illustrated in FIG. 1.

The voice recognition apparatus 10 in FIG. 7 further
includes a threshold value calculation unit 41 in addition to
the same individual functional blocks as those in FIG. 1.

In the configuration in FIG. 7, the selection unit 18 selects
a word expressed by the word section having a greater SNR
than the SNR of the vocal section by a given lower limit
threshold value or more. However, the selection unit 18
makes the selection using a lower limit threshold value asso-
ciated with each word to be selected as the lower limit thresh-
old value to be used for the selection of the word. The thresh-
old value calculation unit 41 calculates the lower limit
threshold value of the word to be selected by the selection unit
18 based on reading information of the word. More specifi-
cally, the threshold value calculation unit 41 in the present
embodiment makes the calculation of the lower limit thresh-
old value of the word to be selected by the selection unit 18 by
calculating the average value of the threshold values provided
for individual syllables of the reading of the word.

Here, a description will be given of an effect produced by
the voice recognition apparatus 10 in FIG. 7 using FIGS. 8A
and 8B.

The graphs in FIGS. 8 A and 8B indicate examples of a state
of change in time of voice power of vocal sound in a vocal
section. The graphs represent a state in which a person to be
recognized produces sound “E-, FUKUYAMA NO TENKI
(er, weather in Fukuyama)”, and another person produces
sound “KOU” beside that. In these graphs, the horizontal axis
represents passage of time, and the vertical axis represents
voice power. Here, if it is assumed that a noise level in this
vocal section is fixed, it is possible to consider that a change
of voice power in time directly represents a change of the
SNR in the vocal section.

First, the graph in FIG. 8A indicates the case where a
detection threshold value used by the selection unit 18 for
selecting a word is set high so that the matching result by the
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matching unit 14 of the vocal sound of the other person
“KOU” is excluded from a selection target of the selection by
the selection unit 18. This detection threshold value corre-
sponds to the lower limit threshold value described above. If
the detection threshold value is set in this manner, voice
power of a vocal section, in which voice power of the vocal
sound of a person to be recognized is relatively low, for
example, a vocal sound “FUKU”, becomes lower than the
detection threshold value, and thus a matching result of the
vocal sound “FUKU” by the matching unit 14 is excluded
from the selection target.

On the other hand, the graph in FIG. 8B indicates the case
where the detection threshold value used by the selection unit
18 for selecting a word is set low so that the matching result
by the matching unit 14 of the vocal sound “FUKU” of the
person to be recognized, described above, is selected. If the
detection threshold value is set in this manner, voice power of
the vocal section of the vocal sound “KOU” of the other
person exceeds the detection threshold value this time, and
thus a matching result of the vocal sound “KOU” by the
matching unit 14 becomes the selection target.

In this manner, if the lower limit threshold value used by
the selection unit 18 for selecting a word is set to be a fixed
value all the time, there are cases where the operation, by the
selection unit 18, of selecting a word of vocal sound of a
person to be recognized, and excluding a word of vocal sound
of'the other person becomes not suitable. Thus, the threshold
value calculation unit 41 calculates a lower limit threshold
value of a word to be selected by the selection unit 18 based
onreading information of the word. In this manner, the above-
described operation by the selection unit 18 becomes more
suitable. Even if a vocal section includes vocal sound of the
other person, it becomes more suitable to provide a result of
voice recognition of vocal sound of'a person to be recognized.

Inthe present embodiment, the voice recognition apparatus
10 in FIG. 7, which has the above-described functional con-
figuration, is achieved using the computer 20 including the
hardware configuration illustrated in FIG. 2. For this purpose,
for example, a control program for causing the MPU 21 to
perform the below-described control processing performed
on the voice recognition apparatus 10 is stored, for example,
in a hard disk unit 24 or a portable recording medium 30 in
advance. And the MPU 21 receives a given instruction to read
and execute this control program. In this regard, the word
dictionary 15 and the acoustic model 16 are stored, for
example, in the hard disk unit 24 in advance. Alternatively, the
word dictionary 15 and the acoustic model 16 may be stored
in an external storage device connected through the interface
unit 27. In this manner, it becomes possible for each of the
components in FIG. 2 to function as a corresponding func-
tional block included in the voice recognition apparatus 10 in
FIG. 7.

Next, a description will be given of FIG. 9. FIG. 9 is a
flowchart illustrating a control processing procedure per-
formed by the voice recognition apparatus 10 in FIG. 7.

When the processing in FIG. 9 is started, first, in S301, the
threshold value calculation unit 41 performs processing for
calculating a lower limit threshold value to be used for select-
ing a word by the selection unit 18 for each word stored in the
word dictionary 15 based on reading information of the word.

Here, a description will be given of a method of calculating
this lower limit threshold value using the individual figures
from FIG. 10 to FIG. 12.

First, a description will be given of FIG. 10. FIG. 10 is an
example of a syllable threshold value table to be used by the
threshold value calculation unit 41 for calculating the above-
described lower limit threshold value. In this table, each of
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Japanese language syllables is associated with a threshold
value of the syllable. For the threshold value for each syllable,
for example, voice power for each syllable is measured using
voice data collected in advance, and a logarithm value of the
measured value is calculated. The obtained value is normal-
ized by being divided by the maximum value of the logarithm
value of voice power in the voice data, and is used.

In this regard, for the syllable threshold value table, for
example, a table in which a value based on a power difference
of'avowel is associated as a threshold value for each vowel of
a syllable may be used in place of this. Namely, for example,
a syllable pertaining to the a-row in the Japanese syllabary
may have a threshold value of “0.90”, a syllable pertaining to
the i-row may have “0.60”, a syllable pertaining to the u-row,
for example, may have a threshold value of “0.70”, a syllable
pertaining to the e-row may have a threshold value of “0.80”,
and a syllable pertaining to the o-row may have a threshold
value of “0.85”, for example.

In this regard, in the case where the voice recognition
apparatus 10 in FIG. 7 is achieved using the computer 20
including the hardware configuration illustrated in FIG. 2, the
syllable threshold value table is, for example, stored in the
hard disk unit 24 in advance.

The threshold value calculation unit 41 obtains threshold
values for individual syllables included in a syllable string
indicating the reading of a word by referring to the syllable
threshold value table, calculates the average value of the
threshold values obtained for the individual syllables, and
determines the calculated average value to be a lower limit
threshold value of the word.

For example, in the case of calculating a lower limit thresh-
old value of the word “FUKUYAMA?”, first, the threshold
value calculation unit 41 refers to the word dictionary 15, and
obtains the reading “FU-KU-YA-MA” of the word “FUKU-
YAMA”. Next, the threshold value calculation unit 41 disas-
sembles the reading “FU-KU-YA-MA” into syllables “FU”,
“KU”, “YA”, and “MA”, refers to the syllable threshold value
table, and then refers to a threshold value of each syllable.
Here, it is assumed that threshold values “0.75”, “0.70”,
“0.90”, and “0.85” are obtained for the syllables “FU”, “KU”,
“YA”, and “MA”, respectively, from the syllable threshold
value table. Here, the threshold value calculation unit 41
calculates the average value of the four threshold values, and
obtains the average value “0.80” as a result of the calculation.
The threshold value calculation unit 41 stores the calculated
average value “0.80” as the lower limit threshold value of the
word “FUKUYAMA” into the word dictionary 15. FIG. 11
illustrates an example of the word dictionary 15 in which
lower limit threshold values calculated in this manner are
stored for individual words.

In this regard, in the case where the voice recognition
apparatus 10 in FIG. 7 recognizes an English word, the
threshold value calculation unit 41 calculates the above-de-
scribed lower limit threshold value using a phoneme thresh-
old value table. FIG. 12 is an example of the phoneme thresh-
old value table. In this table, each phonetic symbol
representing a phoneme is associated with a threshold value
of the phoneme. For the threshold value for each phoneme,
for example, voice power for each phoneme is measured
using voice data collected in advance, and a logarithm value
of the measured value is calculated. The obtained value is
normalized by being divided by the maximum value of the
logarithm value of voice power in the voice data, and is used.

For example, in the case of calculating a lower limit thresh-
old value of the word “sky”, first, the threshold value calcu-
lation unit 41 refers to the word dictionary 15, and obtains the
pronunciation of the word “sky”, namely “skai”. Next, the
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threshold value calculation unit 41 disassembles the pronun-
ciation “skai” into phonemes “s”, “k”, “a”, and “1”, refers to
the syllable threshold value table, and refers to a threshold
value for each syllable. Here, it is assumed that threshold
values “0.7”, “0.8”, “0.9”, and “0.75” are obtained for pho-
nemes “‘s”, “k”, “a”, and “i”, respectively, from the syllable
threshold value table. Here, the threshold value calculation
unit 41 calculates the average value of the four threshold
values, and obtains the average value “0.79”, and this value
becomes the lower limit threshold value of the word “sky”.

Also, for example, in the case of calculating a lower limit
threshold value of the word “throw”, first, the threshold value
calculation unit 41 refers to the word dictionary 15, and
obtains the pronunciation of the word “throw”, “Orou”. Next,
the threshold value calculation unit 41 disassembles the pro-
nunciation “Orou” into phonemes “6”, “r’, “o0”, and “u”,
refers to the syllable threshold value table, and refers to a
threshold value for each syllable. Here, it is assumed that
threshold values “0.77, 0.7, “0.9”, and “0.8” are obtained
for phonemes “0”, “r”, “0”, and “u” from the syllable thresh-
old value table. Here, the threshold value calculation unit 41
calculates the average value of the four threshold values, and
obtains the average value “0.78”, and this value becomes the
lower limit threshold value of the word “throw”.

In this regard, in the case where the voice recognition
apparatus 10 in FIG. 7 is achieved using the computer 20
including the hardware configuration illustrated in FIG. 2, the
phoneme threshold value table is, for example, stored in the
hard disk unit 24 in advance.

In the case where the voice recognition apparatus 10 in
FIG. 7 recognizes an English word, the threshold value cal-
culation unit 41 first obtains threshold values of individual
phonemes included in the phoneme string representing the
English word by referring to the phoneme threshold value
table. And the threshold value calculation unit 41 calculates
the average value of the threshold values obtained for the
individual phonemes, and determines the calculated average
value to be the lower limit threshold value of the English
word.

Referring back to description of FIG. 9, the processing
from S101 to S106, which follows S301, has the same pro-
cessing contents as the flowchart illustrated in FIG. 3, and
thus the description thereof will be omitted here.

In S302, which follows S106, the selection unit 18 per-
forms processing for determining whether the SNR of the
word section calculated by the processing in S106 matches a
given condition in the same manner as the processing of S107
in FIG. 3. Note that, in S302, the selection unit 18 performs
processing for determining whether the SNR of the word
section is not lower than the product of the SNR of the vocal
section calculated in S103, and the lower limit threshold
value, calculated in the processing in S301, on the word
identified by the processing in S104. For example, if the SNR
of the vocal section is “7.00”, and the identified word is
“FUKUYAMA”, in S302, the selection unit 18 performs pro-
cessing of determining whether the SNR of the word section
of the word “FUKUYAMA” 1is not lower than
7.00x0.80=5.60 based on FIG. 11.

In S303, the selection unit 18 performs processing of deter-
mining whether or not the SNR of'the word section calculated
by the processing in S106 matches a given condition as a
result of the determination in the processing in S302. Here, if
the SNR of the word section matches the given condition
(when the determination result is Yes), the selection unit 18
determines the word identified by the processing in S104 to be
the selection result, and after that, the processing proceeds to
S109. On the other hand, here, if determined that the SNR of
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the word section does not match the given condition (when
the determination result is No), the processing returns to
S104, and the selection unit 18 causes the matching unit 14 to
perform processing for identifying another word.

In S109, the output unit 19 performs processing for out-
putting the processing result in FIG. 9, and after that, the
processing in FIG. 9 is terminated. If the processing in S109
is performed next to the processing in S108, the output unit 19
outputs the word selected by the selection unit 18 in the
processing in S108 as described above. Also, if the processing
in S109 is performed next to the processing in S105, the
output unit 19 outputs a notification that a result of the voice
recognition has not been obtained, or outputs nothing.

The voice recognition apparatus 10 in FIG. 7 performs the
above control processing so as to suitably provide a result of
the voice recognition targeted only for vocal sound of a per-
son to be recognized even if vocal sound of the other person
is included.

In this regard, in each of the voice recognition apparatuses
10 in FIG. 1, FIG. 4, and FIG. 7, the first calculation unit 13
calculates the SNR of the vocal section, and the second cal-
culation unit 17 calculates the SNR of the word section. In
place of this, the first calculation unit 13 may calculate the
average power of the audio signal of the vocal section, and the
second calculation unit 17 may calculate the average power of
the audio signal of the word section. In this regard, in this
case, the selection unit 18 selects a word expressed by the
vocal section of the word section based on a comparison
result between the average power of the audio signal of the
word section and the average power of the audio signal of the
vocal section. With each of the voice recognition apparatuses
10 in FIG. 1, FIG. 4, and FIG. 7 configured in this manner, it
becomes possible to suitably provide a result of the voice
recognition targeted only for vocal sound of a person to be
recognized even if vocal sound of another person is included.

In this regard, the first calculation unit 13 may calculate the
average power of the audio signal of a vocal section, for
example, in the following manner.

Namely, the first calculation unit 13 first divides the vocal
section into frames having a fixed time interval, and obtains
voice power of the individual frames. And the first calculation
unit 13 identifies a given number of frames in descending
order of voice power, calculates the average value of the voice
power of the given number of identified frames, and deter-
mines the average value to be the average power of the audio
signal of the vocal section. In this regard, in place of this, the
first calculation unit 13 may calculate the average value of the
voice power of the frames included in a given ratio of frames
(for example, the top 10 percent) when the individual frames
are arranged in descending order of voice power, and may
determine the average value to be the average power of the
audio signal of the vocal section.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A voice recognition method comprising:

detecting a vocal section including a vocal sound in a voice,
based on a feature value of an audio signal representing
the voice;
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identifying a word expressed by the vocal sound in the
vocal section, by matching the feature value of the audio
signal of the vocal section and an acoustic model of each
of a plurality of words; and
selecting, with a processor, the word expressed by the vocal
sound in a word section based on a comparison result
between a signal characteristic of the word section and a
signal characteristic of the vocal section, wherein
the selecting includes selecting the word expressed by the
vocal sound in the word section having a signal charac-
teristic not less than a given lower limit threshold value
and not greater than a given upper limit threshold value
with respect to the signal characteristic of the vocal
section, and
the signal characteristic of the word section and the signal
characteristic of the vocal section are one of Signal-to-
Noise Ratio (SNR) or Average Power.
2. The voice recognition method according to claim 1,
wherein
the selecting includes selecting the word expressed by the
vocal sound in the word section having a signal charac-
teristic not less than a given lower limit threshold value
with respect to the signal characteristic of the vocal
section.
3. The voice recognition method according to claim 2,
wherein
the selecting includes using the lower limit threshold value
associated with each target word of the selecting.
4. The voice recognition method according to claim 3,
further comprising:
calculating the lower limit threshold value associated with
each target word based on reading information of each
target word.
5. The voice recognition method according to claim 4,
wherein
the calculating includes calculating the lower limit thresh-
old value associated with each target word, by an aver-
age value of threshold values associated with individual
syllables of reading of each word, respectively.
6. The voice recognition method according to claim 1,
wherein
the identifying includes
obtaining a matching score indicating a height of simi-
larity between the feature value of the audio signal of
the voice section and the acoustic model of each of the
plurality of words, and
changing the matching score based on the comparison
result between the signal characteristic of the word
section and the signal characteristic of the vocal sec-
tion, and
the selecting includes selecting the word expressed by the
vocal sound in the word section based on the matching
score for the word.
7. The voice recognition method according to claim 6,
wherein
the changing includes changing the matching score of the
word expressed by the vocal sound in the word section
having a signal characteristic less than a given lower
limit threshold value with respect to the signal charac-
teristic of the vocal section, so as to lower the height of
the similarity expressed by the matching score.
8. The voice recognition method according to claim 1,
further comprising:
calculating the signal characteristic of the vocal section
based on a signal characteristic of a given section of the
audio signal that includes the vocal section.
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9. A voice recognition apparatus comprising:
a processor, coupled to a memory, configured to:
detect a vocal section including a vocal sound in a voice,
based on a feature value of an audio signal representing
the voice,
identify a word expressed by the vocal sound in the vocal
section, by matching the feature value of the audio signal
of the vocal section and an acoustic model of each of a
plurality of words, and
select the word expressed by the vocal sound in a word
section based on a comparison result between a signal
characteristic of the word section and a signal charac-
teristic of the vocal section, wherein
the processor is configured to select the word expressed by
the vocal sound in the word section having a signal
characteristic not less than a given lower limit threshold
value and not greater than a given upper limit threshold
value with respect to the signal characteristic of the
vocal section, and
the signal characteristic of the word section and the signal
characteristic of the vocal section are one of Signal-to-
Noise Ratio (SNR) or Average Power.
10. The voice recognition apparatus according to claim 9,
wherein
the processor is configured to select the word expressed by
the vocal sound in the word section having a signal
characteristic not less than a given lower limit threshold
value with respect to the signal characteristic of the
vocal section.
11. The voice recognition apparatus according to claim 10,
wherein
the processor is configured to use the lower limit threshold
value associated with each word to be a target of the
selection process.
12. The voice recognition apparatus according to claim 11,
wherein
the processor is further configured to calculate the lower
limit threshold value associated with each target word
based on reading information of each target word.
13. The voice recognition apparatus according to claim 12,
wherein
the processor is configured to calculate the lower limit
threshold value associated with each target word, by an
average value of threshold values associated with indi-
vidual syllables of reading of each word, respectively.
14. The voice recognition apparatus according to claim 9,
wherein
the processor is further configured to:
obtain a matching score indicating a height of similarity
between the feature value of the audio signal of the
voice section and the acoustic model of each of the
plurality of words, and
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change the matching score based on the comparison
result between the signal characteristic of the word
section and the signal characteristic of the vocal sec-
tion, and
5 the processor is configured to select the word expressed by
the vocal sound in the word section based on the match-
ing score for the word.

15. The voice recognition apparatus according to claim 14,
wherein

the processor is configured to change the matching score of

the word expressed by the vocal sound in the word
section having a signal characteristic less than a given
lower limit threshold value with respect to the signal
characteristic of the vocal section, so as to lower the
height ofthe similarity expressed by the matching score.

16. The voice recognition apparatus according to claim 9,
herein

the processor is further configured to calculate the signal

characteristic of the vocal section based on a signal
characteristic of a given section of the audio signal that
includes the vocal section.

17. A non-transitory computer-readable recording medium
having stored therein a program for causing a computer to
execute a voice recognition process comprising:

detecting a vocal section including a vocal sound in a voice,

based on feature value of an audio signal representing
the voice;

identifying a word expressed by the vocal sound in the

vocal section, by matching the feature value of the audio
signal of the vocal section and an acoustic model of each
of a plurality of words; and

selecting the word expressed by the vocal sound in a word

section based on a comparison result between a signal
characteristic of the word section and a signal charac-
teristic of the vocal section, wherein

the selecting includes selecting the word expressed by the

vocal sound in the word section having a signal charac-
teristic not less than a given lower limit threshold value
and not greater than a given upper limit threshold value
with respect to the signal characteristic of the vocal
section, and

the signal characteristic of the word section and the signal

characteristic of the vocal section are one of Signal-to-
Noise Ratio (SNR) or Average Power.
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